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THE EFFECT OF PRECIPITATION AND TEMPER­

ATURE ON ANNULAR-RING GROWTH IN
 
FOUR SPECIES OF QUERCUS
 
By ARNOLD KLEINE, JOHN E. POnGER and RAY C. FRIESNER 
Of all the factors affecting growth in trees, precipitation and tem· 
perature appear to be the most readily measurable, though there is by . 
no means a general agreement among workers as to the exact way in 
which the relationship is expressed. Pearson (5) found that spring 
precipitation (April and May) is the most obvious controlling factor 
in annual height growth in Pinus ponderosa saplings. Stewart (7), how­
ever, in comparing widths of annular rings of an oak stump with pre­
cipitation records taken at Rochester, New York, twenty-the miles 
farther north, found that there was a greater correspondence between 
precipitation for June and July and the ring width than for the entire 
year. Robbins (6), at Columbia, Missouri, measured the growth rings 
of sixteen oak stumps, and found that the mean monthly temperature 
of May and June varies inversely with annual increase in tree width. 
He also found there is a close relation between the total rainfall of 
March through June and the annular ring wid tho Diller (2), working 
on Fagus, found that yearly variations in the width of annular rings 
are correlated inversely with the average temperature for the month of 
June; also that yearly variations are correlated directly.in certain wood­
lands with the total precipitation for the month of June. 
Robbins (6) states that an abnormally large or sma II annual precipi­

tation shows its effect on the ring width the following year, and that
 
the dry spring of a given year shows its effect in growth during the
 
same year. Diller found that, in most .cases, drought years show their
 
effects on growth the following year, probably due to an accumulated
 
,j deficiency in soil moisture, whereas wet years show an increase in
 
I
 
growth the same year. Lodewich (4), while investigating the relation­

ship between certain climatic factors and diameter growth in longleaf
 
pine in western Florida, found no effect of temperature on wood pro­

ducLion, but a marked reduction or increase in precipitation was accom­

•I 
panied in most cases by corresponding variations in ring width.
 
Robbins (6) states that the sums of the mean temperature for cer­

,1' tain months have been found to vary inversely with growth, while Diller
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(2), working with Fagus, found that the mean temperature of the 
month of June exhibits the same inverse relation. 
Douglass (3) suggests the possibility of a correlation between sun 
spots and ring development. Bu rns (l), in his study of the rela tion of 
rainfall and width of annual rings in a Vermont forest, goes so far as 
to say that there can be no direct correlation between rainfall and diam­
eter growth, because the width of rings at anyone point is not an index 
to total increment, and soil moisture is not a measure of rainfall nor of 
food supply. 
METHODS AND MATERIALS 
The present investigations were made from 11 trees of Quercus alba, 
17 trees of Q. montana, 16 trees of Q. velutina and 9 of Q. borealis 
maxima. All specimens were taken from the knobs area of Bartholo­
mew and Brown counties in Indiana, from stumps left by lumbering 
operations carried on from July to September: 1934. Sections were 
brought to the laboratory and measurements were made with a binocu­
lar microscope suspended over the section. The annular ring widths of 
eight equidistant radii were taken on each of the 53 sections measured. 
During the measuring, medullary rays were followed instead of geo­
metrical radii. 1n this manner Lhe width of the annular growth was 
taken in a direction eliminating the error of oblique measurement. When 
a radius was completed, a number tag was placed at the end of tk 
radius. This allowed for a recheck to be made at any desirable time. 
Annular ring measurements were taken of the years 1909-1933 inclusive, 
a growth period of twenty-five years. The measurement of eight radii 
per section aided in eliminating the errors of unequal growth along di f­ !. 
rerent radii ill the same tree. 
OBSERVATIOi\'S AN D RESULTS 
.\. 
The most outstanding feature at first noticed in the data is the large 
amount of ring growth in 1912. Then for the years 1913 and 1914 ,-·1, 
there is a great decrease in annular growth, and in 1915, 1916 and 19L7 
there is an enormous amount of growth again. This may readily be 
observed in Curve IV. Since all S3 trees possessed this same charact.er­
istic growth between 1912-1917, it is of vital importance to know th2 
relation that precipitation and temperature have during this same time. 
Rainfall ancl temperature data were t.aken from the U. S. Weather 
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Bureau stationed at Columbus, Indiana, which is ten miles east of the 
area from which the tree sections were taken. The average monthly 
precipitation for the summer (Curve III) months of June, July and 
At/gust shows almost identically the same curve as the ring growth. 
Also in Curves II and IV it is observed that there is little correlation 
between the average ring growth and the average monthly precipitation 
for the spring months of April and Mayor the total anl1\;al precipita­
tion shown in Curve 1. 
In making a comparison of the ring growth for the other nineteen 
years (the years 1909-1933, excluding 1912-1917, inclusive), it is found 
that the same results are ubtained as with the period 1912-1917. It 
almost invariably happens that when there is an increase in precipita­
tion during the months of June, July and August for a certain year, 
there is an increase in the annular growth for the same year. This cor­
relation follows so closely that when the precipitation curve for a par­
ticular year goes above or below the average line (Curves III and IV), 
the annular growth curve generaJly crosses the average line at the same 
time. 
I n a general way, both the average monthly precipitation curve for 
spring and the total ~nnl1al precipitatiou curve correspond with tilt' 
curve for annular growt.h. During the years 1914,1919,1920,1925 and 
1930 there was the least total annoal precipitation. Both the spring 
and summer precipitations are low during these years, and, as a result, 
all of these years have a small amount of annular growth. Thus these 
results do· not seem to agree with those of Diller (2), who held Lhat 
drought years show their effect the following year. From the results 
of the present investigation. it appears that whether low total annual 
precipitation is reflect.ed in the growth of the following year depencls 
upon when during the year the drought actually occurred. 
In 1919 and 1928 there was a comparatively low annual precipita­
tion, but in both of these years there was a relatively high summer 
precipitation, and, as a result, there was a corresponding large amount 
of ring growth. The years 1913, 1927 and 1929 have the highest 
annual precipitation of the period of years concerned in this invest.i­
gation, but the growth is not appreciably accelerated, since the average 
summer precipitation is not heavy during these years. 
In making a comparison of the annual ring widths with temperature. 
it is evident from Curves IV, V and VI that the hest correlation occurs 
between diameter growth and temperature during the months of June, 
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DISCUSSION 
The characteristic growth during the period of 1912-1917, inclusive, 
was so obvious in all trees studied tbat when the measurements of a 
section were taken for this period, it could easily be distinguished. just 
what year was being measured. In several instances mistakes were 
made in measuring; that is, measurements of a certain year were being 
recorded for the year ahead or the year behind. However, when meas­
urements came to the years 1912-1917, the mistake was readily per­
ceived and a recheck was immediately started. As a reSUlt, it is certain 
that no error is involved in the data from the standpoint of measure­
ments being recorded for the wrong years. 
The question might be asked as to why the particular summer months 
of June, July and August, rather than any others, should sbow this 
relation. Diller (2) holds that June is the important month from the 
standpoint of precipitation, while other workers have designated otber 
combinations of months. When a comparison is made between the June 
precipitation and the ring growth, a correlation is found, but it does not 
correspond nearly so well to the ring growth as do the months of June, 
July and August. The same is true when June and July are combined, 
but the correlation is a little closer bere than when the month of June 
alone is used. The inverse relation between growth and temperature 
p~obably may be explained by assuming that increased temperature 
increases the transpiration, and when soil moisture is near the critical 
203 
July and August. However. this relationship is different from the pre­
cipitation relationship in that the temperatures are correlated inversely 
with the ring growth.. The higher the temperatures of the summer 
months, the lower the growth, and vice vena. In making a comparison 
of the relation of summer temperature and summer precipitation to 
annular growth, it appears that there is not such a definite correlation 
between the summer temperature and the ring growth as between the 
summer precipitation and the ring growth. However, the summer tem­
perature is correlated inversely more to the ring width than the spring 
or annual precipitation is correlated directly to the ring width. There 
is very little if any correlation between the average monthly tempera­
ture of April and May and the annular ring growth. In 1931 and 1932 
there is a relatively high summer rainfall, but it was very hot during 
these two years and as a result small amount of growth occurred. 
relation occurs 
nnths of Jtllle, 
1 
point it results in the same effect as a lower water supply. As men­
tioned above, in 1931 and 1932 there was a relatively high summer 
precipitation, but it was also very hot during these summers and a small 
amount of growth results even though rainfa.1l was higher. Thus, high 
temperature, due to its effect upon transpiration, may partially nullify 
the beneficial effect of a high rainfall. In this connection, attention 
should be called to the physiography of the area from whicb the wood 
sections were taken. All were taken from the Knobs area in which 
run-off is always high and soil moisture is always near the critical point 
during summer months. Observations made weekly dming the summer 
of 1934 showed that soil moisture was below the wilting coefficient 
for six of the thirteen weeks during June, July and August. It is quite 
likely that in an area where run-off is not so high and where soil mois­
ture is not so near the critical point. the rela tion between rainfall and 
growth will be different from that found in this study. It is, therefore, 
considered that rainfall-growth relations will always be conditioned by 
the peculiar circumstances pertaining in the particular area under con­
sideration. When there is present low precipitation or low moisture 
supply, together with high temperature, the limited growth is due to the 
close. relationship which exists between turgidity and growth. 
It is known, of course, that precipitation and temperature are not the 
only factors that have an effect on the growth of trees. Such factors as 
intensity and duration of light available, mineral salts, and other edaphic 
factors would enter in. These factors, however, are not so variable 
from year to year and hence probably do not play so mucb of a role in 
the yearly variations in ring development as do precipitation and tem­
perature. 
SUMMARY AND CONCLUSIONS 
1. Widths of annual rings for 1909-1933 are found to correlate 
directly with average monthly precipitation during June, July a.nd 
August. 
2. Widths of annual rings for 1909-1933 are found to correlate in­
versely with the average monthly temperature of June, July and August. 
3. The curve for the average monthly precipitation follows the curve 
of annual ring growth much more closely than does the curve of the 
average monthly temperature for June, July and August, thus showing 
that precipitation plays the primary role of limiting factor in annual 
ring growth. 
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4.	 The average monthly spring temperature of April and May hasy. :\s men­

igh summer • little ir any correlation to the annual ring growth.
 
S. Average monthly precipitation for April and May shows only aand a small
 
slight correlation to annual growth.
Thus, high 
6. To some extent, high temperature has the same effect as low pre­ially nullify
 
cipitation, because of its effect on the increase of transpiration.
n, attention 
7. A low total annual precipitation causes a decrease in annual ringeh the wood 
'ea in which • growth only when spring and summer precipitation is low. Thus, 
drought years in the area here studied show their effects on growth theritical point
 
the summer
 same year of the drought. 
8. The optimum condition for growth is a cool temperature with a~ coefficient
 
. It is quite high precipitation during June, July and August.
 
re soil mois­

•
rainfall and 
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nditioned by ,I 
under CO!1­
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